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ABSTRACT 

The combination of a long duration and the absence of any accompanying 
supernova clearly shows that GRB 060614 can not be grouped into the two 
conventional classes of gamma-ray bursts, i.e. the long/soft bursts deemed to 
be collapsars and the short/hard bursts deemed to be merging binary compact 
stars. A new progenitor model is required for this anomalous gamma-ray burst. 
We propose that GRB 060614 might be produced through the tidal disruption 
of a star by an intermediate mass black hole. In this scenario, the long duration 
and the lack of any associated supernova are naturally expected. The theoretical 
energy output is also consistent with observations. The observed 9-s periodicity 
in the 7-ray light curve of GRB 060614 can also be satisfactorily explained. 

Subject headings: gamma rays: bursts - black hole physics 



1. Introduction 



Gamma-ray bursts (GRBs) are generally group ed into two classes, nam ely long/soft 



bursts and short/hard bursts, separated at Tqq ~ 2 s flKouveliotou et al. 



are believed to originate fror n the collapse of massive stars (Wooslevlll993r) . They are usually 



associat ed with supernovae (IGalama et al.lll998l : iPian et al. 



1993|). Long GRBs 



20061 ). and occur in star forming 



regions JPruchter et all l2006h 7 Short GRBs are widely believed to be connected with the 
merge of bin ary compact stars, and their host galaxies are thought to have a lower star for- 



matio n rate (iBlinnikov et al.l 1 19841 : lEichler et al.l Il989l : IVillasenor et al.l l2005l : iBloom et al 



20061 ). They sho uld not be as s ociate d with any supernovae. Recently, by analogy with the 
SN classification, IZhang et al.l (120071 ) suggested a new GRB terminology scheme: Type I and 
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Type II bursts. Type I bursts correspond to the star merging group, and Type II bursts 
correspond to the collapse of massive stars. 

GRB 060614 is a very special event that has strongly challenged our classical classifica- 
tion of GRBs (Gehrels et al. 2006). It has a long duration of ~ 102 s (Gehrels et al. 2006), 
which seems to suggest it as a long/soft GRB. However, no supernova signature has been 
observed from this event, although it is very near to us (Gal- Yam et al. 2006; Fynbo et al. 
2006), which is strongly contradicted with a collapsar origin. Obviously, this GRB cannot 
be simply classified as any of the conventional class, either long/soft GRBs or short/hard 
GRBs. A novel mechanism is needed for this special burst (Gal- Yam et al. 2006; Zhang et 
al. 2007; Mangano et al. 2007; Jakobsson & Fynbo 2007; Amati et al. 2007). 

Althou gh the formation mechanism of intermediate rnass black holes (IMBHs) is still not 
clear so far Jfleger fc Wooslevlbooi IPorteries et~alll2004l : iMiller fc Hamilton|[20o5 [Cebhardlelal 
20051 ). some evidence has been accumulated for their existence in galaxies of all types, in- 
cluding dwarf galaxies, especially in young and global clusters (IMapellil 120071 ). We propose 
here that the tidal disruption of a star by an IMBH could be an ideal way to power a nearby 
long-duration GRB without any associated supernova, such as GRB 060614. Our motivation 
is that the debris of the tidally disrupted star is likely to form an accretion disk surroundiri g 
the black hole. As a consequence, jets would be formed in this process (ILu et al.l l2006l ). 
which are similar to the jets triggered by collapsars and binary mergers. We believe that the 
debris accreted onto the IMBH is a conceivable energy source for GRBs. 



The structure of this paper is as follows. We gather up the observed facts of GRB 
060614 in Section 2. Our novel model for GRB 060614 is described in detail in Section 3. 
Section 4 is the conclusion and a brief discussion. 



2. Main features of GRB 060614 



GRB 060614 is a very peculiar nearby burst, which was detected by th e Burst Alert 



Teles cope (BAT) onboard the Swift satellite on 2006 June 14 at 12:43:48 UT flGehrels et al. 
20061 ). The general properties of GRB 060614 can be summarized as follows. (1) It is a long 
GRB that lasted for ~ 102 s (iGehrels et al.l 120061 ): (2) An interesting substructure has been 



noted in the prompt 7-ray light curve: BAT records reveal a first short episode of emission 
l asting for ^ 4 s fol l owed by an extend ed and somewhat softer episode lasting for ~ 100 s 



(IGehrels et al.ll2006l : iFynbo et al.ll2006l ). A close examination shows that this short episode 
is actually composed of ~ 5 mini-pulses. It is also noted that a 9-s periodicity exists between 
7 and 50 s in the 7-ray light curve, although it is not statistically significant (Gehrels et al. 
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2006). (3) It has a long duration, but it lies in the region of short/hard GRBs on the temporal 
lag-peak luminosity plane (Gehrels et al. 2006); (4) It is not associated with a n y supernova, 
altho ugh it is at a relatively low redshift of z = 0.125 (iGal-Yam et al.l l2006l : iFynbo et al. 
20061 ): ( 5) Its host is a faint dwarf galaxy, with a low star formation rate of 0.0084 — 0.014 



Mo/yr (IJakobsson fc Fvnbol 120071 : iGal-Yam et all 12006: iFvnbo et al. 



2006 h : (6) The GRB 



is off set from the nucleus of the host galaxy by 0.5" (iGehrels et al.l l2006l : iGal-Yam et al. 
20061 ): (7) The gamma-ray fluence is ~ 2 x 10~^ ergs/cm^, which corresponds to an isotropic 
gamma-ray energy r elease of 1.08 x 10^^ ergs in 1 keV — 10 MeV range in the GRB restframe 
( IGehrels et al.ll2006l ). Note that if the radiation efficiency is 0.1, then the isotropic kinetic 



energy is ~ 1 x 10^^ ergs. 

The long duration of GRB 060614 suggests it as a long/soft GRB. However, the absence 
of any associated supernova signature of such a nearby event strongly contradicts a coUapsar 
origin. The above observational facts indicate that GRB 060614 does not fit into any of 
the two conventional classes of GRBs, i.e. long/soft and short/hard GRBs. A completely 
new type of engine other than the collapsars or binary compact star mergers is need for this 
event. Below, we will show that the tidal disruption of a star by an IMBH can hopefully 
explain all the basic features of GRB 060614. 



3. Tidal disruption model for GRB 060614 



There are three kinds of black holes: stellar mass black holes, intermediate mass black 
holes (IMBHs), and super-massive black holes. Studies have been abundant for stellar mass 
black holes and s uper-rnassiy e black holes. Stellar mass black holes, with masses ranging 
from 3 to 20 Mq (jOrosg|2003l ). are thought to be the relics of massive stars. Super-massive 
black holes, with a mass of Mbh ~ 10^ — 10^ Mq, are believed to reside at the center of 
many galaxies. Strong observational evidence for the existence of stellar mass black holes 
and super-massive black holes has been accumulated today. For example, tidal disruption 
of a star by a super-massive black hole is expected to produce a luminous flare of electro- 



magnetic radiation in the UV to X-ray bands at the center of manv galaxies (jReesI Il988 



Komossa fc Greineiill999l : IUlmeiill999l : iKomossa et al.ll2004j : iMilosavljevic et al.ll2006l ). This 
process is also suggested as a possible source fo r the observed non-thermal TeV gamma-ray 
emission from the center r egion of our Galaxv (ILu et al.l 120061 ). Interestingly, as one poten- 
tial model for long GRBs (ITrimble fc Aschwanderul200ll ). the tidal disrup tion of a star by a 
super-massive black hole has already been discussed in the earlier works of lCarterl (119921 ) and 
Cheng Sz Lu I (120011 ). Furthermore, a possibility of gamma-ray flares linked to shock waves 
in tidally compressed stars by massive black holes has been predicted in the more recent 
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work of iBrassart fc Luminetl (120071 ) 



The masses of IMBHs are in the range of Mbh ~ 20 — 10^ Mq flMapelh et al.ll2006f ). 



Their existence has also been inferred from recent observations. For example, the capture 
of stars by IMBHs with masse s of 350 — 1200 Mf?) are suggested as the mechanism for some 



ultraluminous X-ray sources (IBaumgardt et al.l 120061 ) . In this section, we investigate the 
possibility of producing a GRB 060614-like GRB through the tidal disruption of a star by 
an IMBH. The mai n difference between this GRB model and the former one proposed by 
Cheng fc Lu I (120011 ) is the mass of black holes and the location in the host galaxies. Note 
that IMBHs can be offset from the center region of their host galaxy. 



3.1. General picture 



Despite the great difference between the black hole masses, tidal disruption of a star by 
an IMBH should be more or less similar to the disruption of a star by a super-massive black 
hole. A transient accretion disk may be formed in the process. The accretion rate should be 
very high (beyond the Eddington rate) at first, but should decrease steadily with time. As 
long as the accretion rate is high enough (nearly the Eddington rate), the inner region of the 
disk should be dominated by radiation pressure. The disk can then anchor and amplify the 
seed magnetic field (-Beq) to a strong ordered poloidal field (-Bp), which in turn threads the 
black hole with a mass-flow ring in the inner region of the disk. A large amount of rotational 
energy of the black hole can be extracted via th e Blandford-Znajek (BZ) p rocess, creating 
two counter-moving jets along the rotation axis (IBlandford &: Znajekl 119771 ). The powerful 
jets are ideal energy reservoirs for GRBs. 

A jet produced in such a way should be highly variable. The exponential increase of 
-Bcq to Bp is linked to an instability of the disk in the case of a high accretion rate. When 
Bp is so strong that it dor ainates over the material p ressure, all debris material within the 
spherization radius (-Rsp) (jShakura &: SunyaevI Il973l ) is likely to be broken into blobs and 
fall successively into the black hole at the marginally stable radius (-Rms)- The falling of 
each blobs into the black hole should lead to a clump-like struct ure in the jet, which may 
correspond to a pulse (a mini-burst) in the light curve of the GRB ( ICheng &: Lu Il200ll ). The 
width of a mini-burst (tpuise) is determined by the free-fall timescale (tg). The total duration 
of the whole GRB (tduration) is determined by the time needed for all the debris material in 
the range of i?ms < R < Rsp to fall into the black hole at -Rms, which in fact is the instability 
timescale of the disk (tin). 



The instability should happen when the accretion rate is near the Eddington rate. Note 
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that when all the original material in the range of fZms < R < Rsp is accreted by the black 
hole, the region cannot be replenished again, due to the combination of the relatively long 
accretion timescale and the rapidly decreasing accretion rate. The central engine is then 
actually quenched, although consequent energy injection is still possible due to continuous 
accretion at a much lower level. 



3.2. Tidal disruption and the formation of a transient accretion disk 



When a star with a mass of M^, and radius of R^, passes by a massive black hole with 
a mass of Mbh, it would be captured and eventually tidally disrupted at an average tidal 
radius of 



Ri 



3.25 X lO^Vm 



where = M^/Mq, = R^/Rq, Rq and Mq are the solar radius and mass, respectively. 
For convenience, we introduce the following dimensionless quantities throughout this article: 



bh 



M 



R 



10^ Mq ' 



m 



r]Mi 



Edd 



Rr, 



where Rms = 3-Rs and Rg = 3 x 10 M5 cm is the Schwarzschild radius, MEdd = 3 x 
10~'^r]QlM^ Mq/jt is the Eddington accretion rate, t] is the energy conversion factor and 
^70.1 = ^/O.l. 

The strength of a tidal disruption generally depends on the black hole mass and the 
penetration factor /5 defined as /5 = Ri/Rp, where Rp is the pericenter of the star's orbit. 
The maximum value o f /3 is 12 and 56 for Mbh = 10^ and 10^ Mq Schwarzschild black hole 
( iKobayashi et al.ll2004l ) , respectively. When /3 ^ 1, the star within Rt ca r i undergo compres- 
sion to a highly flattened panca ke configuration (jCarter fc Luminetlll983l : iLuminet fc Carter 
19861 ; iLuminet fc PichonI 119891 ). Once the star is totally disrupted in such a way, the mat- 
ter with higher angular momentum will rapidl y lag behind the matter with lower angular 
momentum, producing a long and thin spiral ( Gomboc fc Cadez 2005 ). and resulting in a 
continuous debris accreted onto the black hole. Although it is difficult to predict what frac- 
tion of the initially bound debris will be accreted, the recent numerical simulati ons indicate 
that approximately 25% — 50% of the initial stellar mass may remain bound (lAyal et al. 
20001 ). At first the accretion rate may be much higher than the Eddington rate and no 



accretion disk with a radiation-dominated inner region can be formed. We will not discuss 
this phase since no powerful jet can be launched during this phase. When the accretion rate 
decreases to about the Eddingtion rate, a disk of our interest may be formed. The radius of 
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the disk is typic ally compa rable to the tidal radius i?T, and the evolution of the accretion 
rate is given by (lReeslll988l ) 



m = 2.64 X 10^(— )"^/^ 



(2) 



where is the dynamic or orbit timescale, which is given by (Sanders & Van Oosterom 
1984) 



tB = = 1.6 X lO'rl/^m:'/' 



(3) 



Assuming that the evolution of the debris disk follows the behavior of a standard disk, 
then the infall of matter within a narrow sector (a mass ring) is a special kind of disk 
accretion. The matter moves in a slowly twisting spiral in the plane perpendicular to the 



3 mass 


low. 


Ulmer 


1999) 



tacc ~ 9.47 X lO'^a-^hzlP' 



-3/2 3/2-1/2^ 



(4) 



where a is the viscous paramater, ranging as < a < 1, h = 10~2/i_2 = H/R is the ratio 
of disk height (H) to radius and is approximately one for a thick disk. For a thin disk, we 
adopt h = 10^^ . In this case, the accretion time is very long. It indicates that when a 
region of the disk is suddenly cleaned up due to some mechanism, it would essentially be 
impossible to replenish this region again, due to the relatively long accretion timescale (tacc) 
and the rapidly decreasing accretion rate. 

There are three distinct regions in a. stan dard thin disk, depending on the sources of 
opacity and pressure (IShakura &: Sunyaevlll973l ): the inner region, the middle region and the 
outer region. We concentrate on the inner region, which is dominated by radiation pressure 
and electron scattering. Note that this region exists only when the accr etion rate is high, i.e. 
rfi > rfic, where ihc = 7.97 x 10~^(aM5)~^/^ is a critical accretion rate ( Shakura fc Sunyaev 



19731 ). In this case, the disk has a constant thickness along the radius for f ^ 1, and the 



thickness depends only on the accretion rate. The maximal value of h is rea ched at Rsp as 



hmax = fn, where Rgp is the radius of spherization (IShakura fc Sunyaevlll973l ) 



2.25 X lO^mM, cm. 



sp 



Within the radius of Rgp, the disk may suffer an instability, e.g., due to mass accumu- 
lation resulted from the increase of the viscosity and the local accretion rate. A thermal 
ionization instability is eventually developed. Consequently, magnetic field can be amplified 
in the process and jets can be launched via the BZ mechanism. 
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3.3. Energy extraction 



To estimate tlie powerful energy extracted via BZ process, we need to calculate the 
ordered poloidal field. Irrespective of the detailed field structure, the original magnetic field 
in the disk can be estimated by the assumption of energy equipartition: BlJ (Stt) = Pd.max, 
where Pd,max is the maximum pressure of the disk. For a high accretion rate, the disk is 
dominated by the radiation pre ssure and the maxirnum pr essure in the inner region can be 
described following the work of IShakura fc SunyaevI (119731 ) . 



9.89 X 10^(aM5 



-1^-3/2 



dyn cm 



,m > rrir 



(5) 



Eq.(5) shows that the maximum pressure is a function of f Since oc pj^.^^j we have 
Bqq act s as a seed magnetic field. So the seed field is a function of radius. It 



5eq (X f" 



increases quickly with the decrease of the radius. 



The instability happens in th e region of R^s < R < Rsp fjShakura fc SunyaevI Il973 



Cheng Sz Lu ll200ll : lLu et al.ll2006l ). We refer this region as the instabihty region, and desig- 
nate the corresponding radius as Ri^. Accordingly the dimensionless radius is r^s < Hn < ?^sp, 
where fin = Rm/ Rms, and fsp = Rsp/Rms = 2.52m. In this region, the debris matter is likely 
to be broken into many blobs, and the seed field threading the block and the disk may be 
wrapped up tightly, becoming highly sheared and predominantly azimuthal i n orientation. 
This leads to a bursting growth of -Bgq to a strong poloidal magnetic fields Bp (ICheng fc Lu 
20011 ). The final ampli fied strength, -Bp (o c -Beq), and the corresponding growth timescale 
(Atp) are, respectively (ICheng fc Lu Il200ll ). 



5.67 X lO^^nGl 



p 

Atp ^ 4.5 X 10-^ni/««i/8^5'/8.3/8 



where n (in units of cm ^) is the number density in the inner region. 
(IShakura fc SunyaevI 1 19731 ) 



(6) 

It is given by 



n 



2.79 X lO'^HaM; 



-1^-9/8 
in 



(m > rile) 



(7) 



Substituting Eq.(7) into Eq.(6), we have 



B^ = 1.58 X 102°(«M; 



p 
At 



-9/8 



2.15 X IQ-^M.riy^^ s. 



In the region of -Rms < R < Rsp, the debris matter is broken into many blobs. The 
characteristic dimension for each blob is limited by the geometrical thickness of the accretion 
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flow, and thus can be estimated as ~ if (lAbramowica Il985l ) . Owing to general relativistic 
effects, near the black hole, the relative value of H can be estimated by (jAbramowiczlll985l ) 



H 



1/2 



X 



where x is a parameter depending on the mass of the black hole and the accretion rate, and 
( is the ratio of the gas pressure to the total pressure of the disk. For massive black holes, 
X ~ 0.1, and for a thin disk the value of ( ranges as 10~^ < C ^ 1- Here, we adopt ( ~ 10"'^ 
for the disk dominated by radiation pressure. Since the instability region is within Rsp, the 
total number of the blobs appearing in the instability region can be estimated as 



tot 



If 



(9) 



where xo.i = 
timescale of 



x/0.1, and C-3 = C/10 ^- These blo bs can be maintain ed on a diffusion 
H/ri^c, where tl is the Larmor radius (jCheng &: Lu Il200ll ). 



When a blob reaches r^s and be d ragged into the black hole, a huge amount of energy 
will be extracted via the BZ process (IBlandford fc Znajekl 119771 ). giving birth to a mini- 
burst. This process may repeat many times till all blobs within fsp are removed (c.f. Eq.(9)). 
As a result, many mini-bursts should be produced. We propose that these mini-bursts add 
together to form a GRB, and each mini-burst corresponds to a mini-pulse in the GRB light 
curve. 



The timescale of each mini-pulse is determined by tpuise ~ max{Atp ,tg) (jCheng &: Lu 



200ll ). where tg is the free fall time. Assuming that the black hole is accreting at the 
Eddington rate (m = 1), we derive the characteristic duration of the mini-pulse as. 



Vise = ts = 3Rs/c ~ 3M5 s . 
which is mainly determined by the black hole mass. 



(10) 



In our model, the total duration of a GRB is determined by the timescale of the thermal 
instability, i.e.. 



R. 



''duration 



50a-^f3/fM5 S . 



wher e is the radial velocity of the matter, and = a^/GM\^^jR^ (IShakura fc Sunyaev 
I973I ). In this main burst phase, the majority of matter within the range of 1 < f < fgp 
will fall into the black hole. It will take a time that equals to the accretion timescale (tacc) 
to replenish this mass. However, the accretion timescale is very long, tacc ~ 3.0 x 10^a;~^ s 
by assuming j3 = 1 (c.f. Eq.(4)). Within this time, the accretion rate will decrease to a 
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value (c.f. Eq.(2)) that is much lower than the critical accretion rate of rhc- Consequently, 
the radiation pressure of the disk is too low to pr oduce enough magnetic field to trigger any 
additional mini-bursts again (jCheng fc Lu Il200ll ). 



Assuming that the magnetic field component normal to the black hole horizon equals to 
the amplified magnetic field (-Bp), we can further estimate th e power and energy extracted 
via the BZ process in a single mini-burst (jCheng &: Lu II2OOII ). respectively 



Pr 



pulse 



pulse 



1.7 X 10''A'fiA)M',i^ 

50/12 



I in 



ergs/s. 



pulse 



2.69 X 10 



A7(A)«-'M5f.-//'%rgs, 



(12) 



where A is the dimensionless angul ar momentum o f the black hole, and f{A) = 2/3 for 
A ^ and f{A) = vr — 2 for 1 (ILee et al.ll2000l ). It has been known that some stellar 
mass black holes in X-ray binaries and supermassive black holes in centers of galaxies may 
have high values of dimensionless angular momentum (see e.g., Zhang, Cui & Chen 1997; 
Liu, Zhang & Zhang 2007). Highly spinning black holes are most likely spun up by gas 
accretion processes. However, for intermediate mass black holes, it is currently not clear at 
all if they should be spinning or not. On the other hand, black holes with masses around 
10^ solar masses are not likely found in accreting binaries. Therefore, if they are also not 
located in centers of galaxies where gas densities my be high enough for fueling significant 
accretion, they should not be highly spinning. Here, as a conservative approach we take 
A = 0.1, which leads to A^f{A) = 0.02. 



Eq. (12) shows that -Epuise is a function of f; 



-57/64 



imum value for -Epuise will be acquired when the seed fields anchored in the disk at f-u 



Therefore, the maximum and min- 



1 



and fi, 



sp; 



respectively. Immediately, we derive the maximum value of Ep^\se by setting 



1 in Eq. (12), 



pulse, max 



5.38 X lO^^a-^Ms ergs. 



The minimum value of -Epuise can be derived by setting fin = 2.52m in Eq. (12), 



pulse, min 



2.36 X lO^^a-^Mgm-^^/^^ergs. 



(13) 



(14) 



The average value of -Epuise for each pulse can be estimated as, 

Jl -E'pulse'^^in 



E, 



pulse, ave 



4„ 1 2.52m^/64 - 1 

4.92 X lO^^a-^Ms^ ^ 

^ 2.52m - 1 



ergs. 



(15) 
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3.4. Application to GRB 060614 

We suggest that GRB 060614 could be produced by the tidal disruption of a solar type 
star (m* = 1, r* = 1) by an IMBH. Here we give a rough estimate for the parameters involved 
in this case. As described in Section 2, the first short episode of emission lasting for ~ 4 s 
is actually composed of ~ 5 mini-pulses. We notice that the durations of these mini-pulses 
can be as short as ~ 0.6 s. According to our Eq. (10), we estimate the mass of the IMBH 
as M5 ^ 0.2. Taking a typical value of a = 0.1, we then calculate the theoretical duration 
of the GRB as tduration ~ 100 s from Eq. (11). This is in good agreement with the observed 
duration of ~ 102 s. 

Assuming that the GRB happens when the IMBH is roughly accreting at the Eddington 
rate of m = 1, we can further calculate the average pulse energy (see Eq. (15) ) as -Epuise,ave ~ 
6.88 X 10^^ ergs. The exact number of mini-pulses is not easy to determine from observations 
(it depends too strongly on the timing resolution of the light curve.). From our Eq. (9), 
we assume that there are A'tot ~ 30 mini-pulses, then we get the total burst energy as 
-E'tot = -^tot-Kpuise,ave ~ 2.06 X 10^° crgs. Assumiug a beaming factor of ~ 100 (Gehrels et al. 
2006), it will correspond to an isotropic kinetic energy of ~ 2 x 10^^ ergs, which is consistent 
with the observed energetics of GRB 060614 (see Section 2). 

As not ed in Section 2, ther e is a hint of a 9 s periodicity between 7 and 50 s in the 7-ray 



light curve (iGehrels et al.ll2006l ). Such a quasi-periodic oscillation can be naturally explained 



in our model. We suggest that this p eriodicity should be connec ted with the Kepler motion 



at Rj^g. In fact, the Kepler period is (IShakura &: Sunyaevlll973l ) 



tK = 27r^/^^50f^/fM5S. (16) 

Taking M5 = 0.2, we find that ~ 10 s, in good accordance with the observed 9-s period- 
icity. It thus seems clear that the falling of the blobs into the black hole is neither uniform 
nor completely unsystematic. They seem to fall in group and the falling is modulated by the 
Keplerian motion. However, the detailed modulation mechanism is still largely uncertain 
and needs further investigations. 

Our model can also naturally explain other basic features of GRB 060614. For example, 
it needs not to be associated with a supernova and need not to reside in an active star 
forming galaxy. It also needs not to be at the center of its host galaxy, since the black hole 
involved is not a super-massive one. In our model, the highly coUimated outflow can also be 
naturally launched via the BZ process. 
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4. Event rate 

It is interesting to note that another marginally long burst, GRB 060505, with a duration 
of 4 s, was also not accompanied by supernova emission (Fynbo et al. 2006). Thus we 
currently have two confirmed GRBs that are of our interest. Based on this fact, we can give 
a rough estimate for the observed event rate of such a phenomenon. Till the end of March 
2008, about 600 GRBs have been well localized (Greiner 2008). Optical afterglows have 
been detected from 233 events of them, with redshifts measured in 141 cases. According 
to an earlier study by Zeh, Klose, and Hartmann (2004), supernova signature is most likely 
detectable for a GRB with redshift z < 0.7, if it is really associated with a supernova. For 
GRBs with redshifts z > 0.7, the signature may be too weak to detect. Taking z < 0.7 as a 
criterion, we then have a sample of 32 GRBs, among them are GRBs 060505 [z = 0.089) and 
060614 {z = 0.125). It hints that about 6% GRBs are GRB 060614-like. Note that the local 
GRB-XRF (X-ray flash) birth rate is ~ (0.5 — 2)Gpc-^ jt-\ or ~ (0.025 — 0.1) Myr'^ 
galaxy^^ (Schmidt 2001; Zhang & Meszaros 2004). We then estimate the birth rate of GRB 
060614-like event as ~ (0.03 — 0.12)Gpc-i yT-\ or ~ (0.0015 — 0.006) Myr^^ galaxy-^ 
The above calculation is based on the assumption that the GRB emission is isotropic. If 
we assume a true-to-observed beaming correction factor of 100 — 1000, then the local birth 
rate of GRB 060614-like event will be amplified to ~ (3 — 120)Gpc~^ yr'^ or ~ (0.15 — 
6) Myr"-*^ galaxy"-^. 

In our model, the birth rate of IMBH-induced GRBs in a typical galaxy can be calculated 

as 

r = KFtA^iMBHs, (17) 

where A^imbhs is the total number of IMBHs in the galaxy, k, is the number ratio of IMBHs 
whose masses are suitable for producing a GRB, and Ft is the mean tidal disruption rate of 
a solar type star by an IMBH. We believe that to produce a GRB, the mass of the IMBH 
should be larger than ~ 1 x IO^Mq. So, k should be the fraction of IMBHs with mass of 
~ 1 X 10"^ — 1O^M0 among all the IMBHs with mass of ~ 20 — lO^Mg. However, direct 
evidence for the existence of IMBHs is still lacking, so the three quantities (k. Ft, iViMBHs) 
involved in Equation (17) are all largely uncertain. Here we can only give some preliminary 
discussion. 

Although the tr u e existence of IMBHs a nd their number in a typical galaxy is uncertain 



(IMapelli et al.l 120061 ) , IVolonteri et al.l (120031 ) has discussed the density of IMBHs under the 
assumption that the IMBHs are born in 3 — 3.5 a fluctuations collapsing at a given redshift. 
Assuming that IMBHs are modeled as a halo population distributed following a Navarro 
Frenk fc White (NEW) or a more concentrated Diemand, Madau & Moore (DMM) density 



profile, iMapelli et al.l (120061 ) derived an upper limit for the density of IMBHs via dedicated 
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A^-body simulation. Based on their work, the number of IMBHs in the Milky Way should 
be iViMBHs < 10^ - 10^ 

The parameter n should seriously depend on the mass function of IMBHs. However, 
since the formation mechanism of IMBHs and their evolution after birth are completely 
uncertain, we actually cannot give any robust estimate for n. Also, the environment that 
IMBHs reside in is unknown, so that a reliable estimate for the tidal disruption rate (Ft) is 
again impossible. 

Although it is still impossible to estimate the rate of producing GRB 060614-like GRBs 
in our model, we believe that this model provides a viable GRB production mechanism. 
In the future, when more and more GRB 060614-like events are observed, more stringent 
constraints on k. Ft and A^imbhs may be available, and a valuable new window will be open 
for the study of IMBHs. 



5. Discussion and conclusion 

We have shown that the tidal disruption of a solar type star by an IMBH with a mass 
of 2.0 X IO^Mq can be a possible mechanism for the special event of GRB 060614, which is a 
nearby long burst but is not associated with a supernova. We argue that the powerful energy 
extracted via the BZ process is enough to trigger a GRB, when the black hole is accreting 
at the Eddington rate. The basic observed features of GRB 060614 can all be reasonably 
explained in our frame work. 



The black hole m ass considered here i s higher for ULXs (IBaumgardt et al.ll2006l ) and 



lower for X-ray flares (iKomossa et al.ll2004l ) via tidal capture and disruption events. There- 
fore, no ULXs or X-ray flares could be observed to be associated with the prompt 7-ray 
emission in this case. 

A GRB produced by the tidal disruption of a star by an IMBH may also leave some 
hints in its afterglow. It is interesting to note that an oscillatory phenomenon has been 
observed in the optical afterglow of GRB 050922C, with a period of ~ 7.2 min (Zhilyaev et 
al. 2007). Zhilyaev et al. (2007) suggested that GRB 050922C may be resulted from tidal 
disruption of a white dwarf star by an IMBH. The observed periodicity in the afterglow is 
interpreted as due to the precession of an accretion disc. 
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